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SUMMARY. Despite the availability of effective therapy for hepatitis C virus (HCV) infection, there are little data on the uptake of treatment. We evaluated factors associated with HCV infection and the uptake of HCV treatment in a large community-based inner city cohort in Vancouver, Canada. The Community Health and Safety Evaluation is a cohort study of inner city residents recruited from During the same period, the incidence of HCV infection was 7.26 cases (95% CI, 5.72-8.80) per 100 person-years. Overall, the rate of new HCV seroconversions in this cohort in the study period was about 25 times the rate of HCV treatment uptake. There are extremely low rates of HCV treatment initiation and very limited effectiveness, despite a high prevalence of HCV infection in this large community-based cohort of inner city residents with access to universal healthcare.
INTRODUCTION
Hepatitis C virus (HCV) infection constitutes a major public health burden, with a global prevalence of 1-2% [1] . Injection drug use is the predominant mode of HCV transmission in most developed nations, accounting for >50% of existing and >75% of new infections [2] . Individuals with chronic HCV infection are at increased risk of developing cirrhosis, hepatocellular carcinoma and end-stage liver disease [3] . Data suggest that morbidity, mortality and economic costs related to HCV will dramatically increase in the next 15-20 years [4] .
Hepatitis C virus prevention efforts targeted towards injection drug users (IDUs) have been limited in effectiveness and the rate of new infections remains high [5] . Decreases in the future HCV prevalence and disease burden can only be accomplished by reducing transmission among high-risk persons and expanding treatment access for those at the greatest risk of disease progression [6] .
Current HCV treatment regimens achieve an overall viral clearance rate of approximately 55%, although a number of viral and host factors influence individual treatment success [7] . While historically excluded from treatment, guidelines from the United States in 2002 [8] and Canada in 2004 [9] encourage the inclusion of IDUs in HCV treatment on a case by case basis, given studies demonstrating that HCV treatment in IDUs is effective, when delivered within comprehensive programs [10] [11] [12] [13] [14] [15] [16] [17] [18] . As data regarding HCV treatment coverage in illicit drug users is sparse, we estimated the uptake of treatment in a large community-based inner city cohort in Vancouver, consisting mainly of illicit drug users.
METHODS

Study participants
The Community Health and Safety Evaluation cohort was designed to measure the uptake of health services in the Downtown Eastside of Vancouver, Canada. In an effort to collect a representative sample of residents in this community, venues for recruitment were selected based on census track data from a total population of approximately 16 000 people. Individuals were informed of the project through communitybased agency staff, postings in local agencies, door-to-door initiatives, and through word of mouth. A random selection of single room occupancy hotels, social housing units, and health facilities were sampled. Surveys were administered in a variety of settings, including ten community-based agencies, two community health clinics, the Life Skills Centre, the Health Contact Centre, 117 single room occupancy hotels and social housing buildings, and a large space that operates as a needle exchange. By using such a wide range of recruitment venues and strategies the final cohort had the best chance to capture a group of individuals that were representative of this community. All those included in the study had to have their names and personal health numbers verified through the British Columbia Ministry of Health database, ensuring that the participants all had the potential to be linked successfully. Between January 2003 and June 2004, 2913 participants completed a one-time interviewer administered survey and consent to have specific laboratory and treatment records accessed through data linkages using their names and/or personal health card numbers. Study participants received CDN$10 to complete the survey and participants were then followed retrospectively and prospectively through healthrelated database linkages. Information collected for this study included HCV and HIV serologic testing performed at the British Columbia Centre for Disease Control and the University of British Columbia Virology Department (laboratories responsible for all Provincial virology testing). HCV treatment prescription data was obtained from the British Columbia Ministry of Health PharmaCare database that captures all HCV treatment administered through publicly funded sources. The University of British Columbia/Providence Health Care Research Ethics Board approved this study. 
MATERIALS AND METHODS
Laboratory testing
HCV treatment
Hepatitis C virus treatment was determined by prescriptions for either interferon or peginterferon alpha-2b with ribavirin from January 2000 to December 2004. The index date used for calculating HCV treatment uptake was either (i) 1st January 2000, for individuals who were HCV antibody-positive at this time or; (ii) the date of the first antibody-positive test for individuals with HCV seroconversion after this time. Follow-up was calculated from the index date to either the date of treatment initiation, date of death, or 31st December 2004, whichever occurred first. Sustained virological response (SVR) was evaluated by undetectable HCV RNA testing ‡24 weeks following HCV treatment.
HCV incidence
Hepatitis C virus incidence was determined from HCV antibody testing from January 2000 to December 2004. Individuals with a negative HCV antibody test followed by a positive test were identified as HCV seroconverters. The index date for calculating HCV incidence was either (i) 1st January 2000 for those who were HCV antibody negative at this time or; (ii) the date of the first HCV antibody negative test for individuals with HCV seroconversion after this time. Follow-up for individuals was calculated from the index date to either the estimated date of infection, the date of last antibody negative test, or the date of death. The estimated date of infection was calculated by taking the midpoint between the patientÕs last antibody negative test and first antibody-positive test date. Individuals with an estimated date of infection prior to the study period (January 1, 2000) were not identified as seroconverters.
Statistical analysis
Variables examined in statistical analyses included age, sex, ethnicity, housing status, income assistance, education, perceived health access, followed by a regular doctor, vaccinations for hepatitis A and B, HIV status, previous HIV treatment, methadone maintenance treatment, recent incarceration, alcohol use and recent noninjection (crack, cannabis, opioids, methamphetamine and benzodiazepines) and injection drug use. Unstable housing was defined as homeless or staying in a temporary shelter or residing in a single occupancy room. Alcohol use was evaluated as Ôfrequent useÕ (everyday/most days), or Ônonfrequent use or no useÕ (<2-3 times/week or less). Recent injection and noninjection drug use (in the previous 6 months) were evaluated as any drug use vs none. Vaccination information was collected by self-report. Factors associated with HCV antibody testing (overall cohort), HCV antibody-positive status (among individuals who received HCV antibody testing) and treatment for HCV infection (among HCV antibodypositive individuals) were then assessed. All univariate comparisons were made using v 2 or FisherÕs exact test, as appropriate. Multiple logistic regression models were fit comprised of all variables and subsequently reduced using backwards elimination. The rate of HCV seroconversion and treatment uptake was computed using person-years of observation. Statistically significant differences were assessed at P < 0.05; P-values are two-sided.
RESULTS
Among 2913 individuals, HCV antibody testing was performed in 2118 (72.7%). The baseline cohort characteristics stratified by HCV testing status are shown in Table 1 . Individuals that received testing for HCV antibodies were more often older, female, of Aboriginal ethnicity, were recently receiving income assistance, had recently received methadone maintenance treatment, had a regular doctor, had received vaccinations for hepatitis A and hepatitis B, had recently been to jail, were HIV infected and had recently used noninjection and injecting illicit drugs (Table 1) . Overall, the HCV prevalence was 64.2% (1360/2118) among those where testing was available and the characteristics of these individuals are shown in Table 2 . Among HCV antibody-positive individuals, 83% reported usually or Table 2 . Following multiple logistic regression analysis, the factors independently associated with HCV infection were injection drug use, noninjection drug use, HIV infection, methadone maintenance therapy, hepatitis A vaccination, Aboriginal ethnicity, older age and unstable housing (Table 3) . In a univariate analysis, those receiving HCV treatment were more likely to be male (P = 0.004) and less likely to be of Aboriginal ethnicity (P = 0.048), and be current crack users (P = 0.036). Eight (53%) and seven (47%) received treatment with interferon alpha-2b or pegylated interferon alpha2b with ribavirin, respectively. Among those initiating treatment (n = 15), treatment was completed in 4 (27%). 
DISCUSSION
We have documented a high prevalence of HCV infection, but extremely low rates of HCV treatment uptake and response in this large community-based cohort of inner city residents in Vancouver. This is despite a high proportion reporting access to health services in a community with universal healthcare, including free treatment for HCV infection among individuals with low income.
The factors associated with HCV infection identified in this study are well documented [5] . The strong association of noninjection and injection drug use, Aboriginal ethnicity, unstable housing and HIV infection with HCV infection is not surprising, given data demonstrating that these risk factors are associated with HCV [19] [20] [21] [22] [23] . The association with methadone maintenance therapy and HCV may be explained by the circumstance that higher risk individuals are likely to be offered methadone maintenance therapy following HCV infection [5, 19] . The association between age and HCV status is also not surprising, given the cumulative exposure which may occur with a greater number of years injecting [22, 23] . Lastly, the association with hepatitis A virus (HAV) vaccination was likely the result of an ongoing HAV infection vaccination program in the community specifically targeting HCV infected individuals.
Moreover, the low uptake of HCV treatment in Vancouver is consistent with reports from similar cohorts of illicit drug users in the United States and Australia, where only 1-6% have received HCV treatment [24] [25] [26] [27] . Although this low observed HCV treatment uptake may not be limited to illicit drug users. In a study from Europe, it was estimated that among 21 countries in the WHO European region, only 1-16% of the overall population estimated to be infected with HCV had received treatment to date with pegylated interferon-based therapy [28] . However, with appropriate programs in place, higher proportions of illicit drug users can be engaged in care. Data from a multidisciplinary clinic providing HCV education, care and peer-support in Vancouver demonstrated that 26% of HCV infected illicit drug users referred to a weekly HCV support group initiated treatment for HCV infection, with two-thirds achieving an end of treatment response [14] . Although the lower uptake of HCV treatment in the community is likely influenced by the fact that HCV is not a priority for illicit drug users, large proportions of HCV-infected illicit drug users (>70%) are interested in receiving HCV treatment [29] . Factors for not seeking treatment include a lack of information, the absence of symptoms and the perceived side effects of treatment [29] . Second, many illicit drug users are deemed ineligible for HCV treatment based on concerns of adherence, medical co-morbidities, treatment side effects, perceived patient unwillingness to receive treatment and re-infection risk [25] . However, when HCV care is delivered within appropriate multidisciplinary care models, treatment outcomes can [10] [11] [12] [13] . Treatment response rates observed in this study, however, were lower than those obtained in other studies with similar populations [10] [11] [12] [13] . This can be attributed to the fact that three-quarters of the patients discontinued HCV treatment early. Higher success rates in other studies are likely attributed to the incorporation of strategies to address side-effects and illicit drug use and the delivery of HCV treatment within multidisciplinary models [10] [11] [12] [13] [14] [15] [16] .
Information on factors associated with response to HCV treatment among IDUs is growing. It is clear that drug abstinence in the six months preceding treatment provides little predictive value in determining who will respond to therapy [10, 12, 30] . Thus, as recommended by a number of guidelines [8, 9, 31] , the decision to treat HCV infection in IDUs must be made on a case-by-case basis and injection drug use should not be an absolute contraindication for therapy. Factors such as housing status, social support and other medical co-morbidities must also be considered as part of the overall decision of whether to initiate treatment. In fact, adherence to pre-treatment visits may provide a good proxy of engagement in HCV care [32] and response to HCV therapy [11] . It is becoming increasingly clear that frequent, but not occasional, drug use during therapy may impact response [10, 12, 30] . Lastly, it is encouraging that among IDUs successfully treated for chronic HCV infection, re-infection rates have remained low, with reported incidence rates of 1-4% [17, 33, 34] . This may be attributed to reduced risk behaviours resulting from HCV risk reduction education prior to or during treatment. As we move forward, improved education of patients about the natural history and treatment of HCV, appropriate patient selection, strategies to address potential side effects, and the delivery of care within multi-disciplinary models may help to identify illicit drug users most motivated to receive treatment, while also increasing the proportion completing and responding to therapy [10] [11] [12] [13] [14] [15] [16] [17] [18] .
There are a number of limitations to this study. First, testing for HCV antibodies was not completed on a systematic basis, with assays being ordered as clinically indicated. Missing HCV antibody testing information may have led to an underestimation of the number of HCV antibody-positive individuals, thereby overestimating HCV treatment uptake. Second, not all individuals received HCV RNA testing. Given that 25% of individuals will spontaneously clear HCV, our estimates of the overall treatment uptake and response to therapy may be underestimated. However, given that few individuals were treated, we do not believe this has a significant effect on the estimates. Third, clinical information was limited through the survey instrument and some participants may have had other contra-indications to treatment that were not collected. Fourth, many of the variables were based on patient self-report and may be prone to socially desirable responses. Fifth, we are assuming that no individuals received treatment through private coverage or other settings not covered by our data. We have no reason to believe that this would be occurring among this cohort. Missing HCV treatment data may have led to an underestimation of the overall treatment uptake, although we do not believe this had a significant impact.
In developed nations, HCV infection is overwhelmingly caused by injection drug use. Our study indicates that the uptake of HCV treatment among illicit drug users is unacceptably low. Further, this is in the absence of any financial restrictions which may preclude HCV treatment in other settings, given that HCV treatment is freely available for individuals with low income. It is clear that the passive recruitment approach for engaging illicit drug users in HCV care is insufficient. To make progress, next critical steps need to include efforts towards improved awareness and active referral of illicit drug users with HCV infection to multidisciplinary settings for HCV care. For these programs, strategies will be required to (i) improve patient education about HCV infection; (ii) identify those most motivated to receive treatment; and (iii) improve the proportion completing and responding to therapy. Lastly, for policy makers, it will be important to focus on HCV prevention efforts among high-risk individuals (e.g. young IDUs), HCV education for patients and physicians and HCV treatment for those at greatest risk of disease progression (e.g. HIV co-infected individuals and older IDUs). A coordinated approach will be required if we are to slow down the current HCV epidemic among IDUs and reduce the future burden of HCV infection.
